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INTRODUCTION 


Durinc'5  the  summer  of  1^28  the  VvTiter  made  an  extended  field  study  of 
the  diseasesof  peas  ( Pisum  sativum  L. )    in  canning  and  seed-producing  States 
for  the  Bureau  of  Plant  Industry-,  United  States  Department  of  Agriculture.  A 
detailed  report  of  this  survey  has  been  prepared,  and  copies  have  been  deposit- 
ed in  the  following  places  ^here  they  may  be  examined  by  persons  particularly 
interested:    Departeent  of  Plant  Pathology,  University  of  Wisconsin,  Madison, 
Wisconsin;  Office  of  Horticultural  Crops  and  Diseases  (Vegetable  Diseases), 
Bureau  of  Plant  Industry,  Room  234,  West  Wing,  Y/ashington,  D.  C.    In  this  sum.- 
mary,  the  attempt  is  made  to  present  those  findings  v/hich  will  be  of  most  int- 
erest to  canners,  seedsmen,  and  plant  pathologists  generally. 

This  survey  included  the  examination  of  peas  for  disease  in  each  of  the 
following  15  States:    Maryland,  Delaware,  New  Jersey,    Now  York,  Pennsylvania, 
Ohio,  Indiana,  Michigan,  Illinois,  vrisconsin,  Minnesota,  Utah,  Idaho,  V/yoming, 
and  Montana.    In  three  of  these  -  Delaware,  New  York,  and  Wyoming  -  not  enough 
fields  were  examined  to  be  representative.    Obviously  it  was  impossible  to  make 
an  exhaustive  survey"  in  each  of  the  States  entered,  but  it  is  believed,  never- 
theless, that  a  fairly  reliable  picture  has  been  obtained  of  the  pea-disease 
problems  in  the  12  other  States  listed. 

Observations  v/cro  made  in  a  total  of  J^O  fields.     In  all,  18  distinct 
diseases  were  recognized,  many  of  them  minor,  but  several    of  them  very  im- 
portant factors  in  pea  production.    Fourteen  was  the  greatest  number  of  diseases 
seen  in  any  one  State. 

During  the  progress  of  this  study  the  writer  received  the  very  best  of 
cooperation  from  State  agricultioral  workers  and  from  representatives  of  the  com- 
mercial interests  concerned.    This  made  it  possible  to  go  directly  to  the  most 
significant  fields  in  each  locality  visited,  including  fields,  frequently  of 
known  history,  that  -^cre  diseased  or  shovjed  sorae  abnormal  condition,  and  fields 
that  appeared  strictly  clean.    Because  of  the  selection  that  was  thus  exercised, 
the  percentage  fig. ires  in  Table  1,  summarizing  the  records  of  disease  in  differ- 
ent States,  can  not  bo  taken  as  directly  representative  of  the  areas  surveyed. 

In  the  body  of  this  report,  the  findings  of  the  survey  are  discussed 
under  the  heading  of  the  disease,  end  the  diseases  are  arranged  in  order  of  the 
taxonomic  position  of  the  causal  agent.    This  results  in  the  intermingling  of 
major  and  minor  diseases.    In  the  Discussion  and  Summary    there  is  a  brief  capit- 
ulr;tion    based  upon  geographic  units. 


THE  DISEASES 

BACTERIAL  BLIGHT  (Bacterium  pisi)  .    Bacterial  blight  \7as  found  in  every 
State  surveyed  during  1928  and  is  the  only  disease  so  distinguished.     In  spite 
of  this  it  was  relatively  minor  in  importance  this  year  and  probably  is  generally 
of  much  less  relative  importance  among  diseases  of  the  pea  than  the  corresponding 
bacterial  diseases  are  among  the  bean  diseases.    Sixty-one  fields,  or  18.5  per 
cent  of  all  fields  examined  by  the  v.Titer  in  ig28,  were  infested,  but  only  a 
few  of  those  contcined  more  than  traces.     Some  few  fields,  chiefly  in  Idaho  and 
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Montcno  but  not  exclusively  there,    'crc  danogcd  to  the  extent  of  1  to  5  per 
cent  of  tlij  yield.    In  such  fields  there  ^rcs  usur.lly  some  complicnting  factor 
or  group  of  factors,  such  as  hail  injury.    The  maximum  severity  observed  -as  in 
one  field  in  Illinois  -.-.here  Alaska  peas  Tvero  almost  vrholly  ruined  and  Perfection 
peas  '.rere  severely  injured. 

Since  this  disease  is  kno-.n  to  be  seedborne ,  its  frequent  occurrence  in 
the  seed-producing  aro'.s  of  Idaho  and  Montana  is  of  peculiar  interest.    At  the 
present  moment,  ho'::ever,  the  rather  minor  importance  of  this  disease  in  pea-canning: 
areas  makes  the  seed  infection  problem  appear  rather  minor  too.     The  relation  of 
factors  other  than  seed  infection  to  severe  outbreaks  of  bacteria^ blight  needs 
to  be  determined,  for  it  no^T  appears  probable  that  such  favoring  factors  are  es- 
sential to  a  severe  outbreak  even  in  addition  to  an  original  source  of  inoculum 
such  as  the  seed  may  provide. 

During  this  survey,  none  of  the  stem-blight  phase  of  the  disease  described 
by  Sackett  and  later  observed  b3'  the  Trriter  and  others  in  'Wisconsin  and  olserThcre 
has  been  seen.    Characteristically,  this  year,  the  infection  uas  in  the  form  of 
a  leaf  and  pod  spot  disease,  and,  a-hen  it  v:as  not  limited  strictly  to  the  lorer 
leaves  of  plants  rhich  appeared  to  have  come  from  infected  seed,  its  spread  to 
other  plants  appeared  to  have  occurred  rather  late,  r^t  a  time  v/hen  the  infected 
plants  uerc  not  easily  damaged  to  a  serious  extent.     The  one  notable  exception  to 
this  generalization  ras  a  field  in  Illinois  which  appeared  as  if  it  had  been 
svrept  "by  -::ind-bloT7n  inoculum  and  in  which  the  upper  and  exposed  plant  parts  more 
than  the  protected  parts  r/ere  almost  completely  covered  with  numerous  small 
blight  lesions. 

RGOTROT  (Aphanomyces  euteichos).    This  disease,  commonly  kno^vn  simply  as 
pea  rootrot,  is  perhaps  the  most  -videly  known  disease  of  peas  in  this  country, 
and  has  "been  for  scvoral  years  the  most  destructive  disease  in  pea-canning  States, 
Its  most  serious  development  comes  in  those  old  intensive  pea  areas  where  hcev^' 
soil,  poor  drainage,  relatively  high  precipitation,    -tixcessive  application  of 
irrigation  water,  or  combinations  of  these  provide  the  conditions  of  too  v:et  soil 
which  favor  its  development.    Bootrot  is  notab^ry  a  disease  which  becomes  trouble- 
some where  peas  arc  groani  repeatedly,  and  hence  it  rarely  assumes  importance  in 
new  pea-growing  districts, 

Rootrot,  --.s  distinguished  here,  is  a  soft  rot  of  the  cortex  of  the  root 
and  of  the  base  of  the  stem  to  a  little  :bove  the  ground  line,  and  characteristi- 
cally it  affects  tne  entire  root  system  v.athin  a  few  days  after  infection  occurs. 
This  is  in  sharp  contrast  with  the  other  root  decay  diseases  spoken  of  here  chief- 
ly as  footrot  diseases,  in  that  they  are  frirly  localized  in  their  attack,  infect- 
ing the  plant  chiefly  at  and  near  the  union  of  the  taproot  v;ith  the  stem;  in  other 
words,  in  the  region  of  the  old  seed.    Rootrot  frequently  occurs  in  association 
with  other  diseases,  including  footrot,  Rhizoc tenia  injury,  and  Fusarium  wilt, 
as  will  be  discussed  under  these  headings.    Observations  on  this  disease  made  by 
several  -.-orkGrs  up  to  the  present  time  have  indicated  that,  in  general,  it  is  the 
most  widespread  and  important  factor  in  the  phenomenon  of  pea-sick  sofl. 
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Rootrot  v^as  found  more  '.videspread  and  abundant  in  I928  than  rny  ot'icr 
disease,  occurring  in  almost  as  rnany  fields  as  any  otlier  t^^-o  diseases  tcgot':.-jr. 
In  all,  134  fields  -vere  found  infested,  or  4O.6  per  cent  of  all  fields  o:.:r:!injd; 
and  in  ^0  per  cent  of  the  diseased  fields  over  half  the  area  was  infested.  7'ith 
the  exception  of  "/yoming,  -'/here  only  throe  fields  v/ere  examined,  rootrot  ^^as  soon 
in  every  State  visited. 

In  the  area  comprising  New  Jersey,  DelaYjare ,  and  the  Eastern  Shore  of 
Maryland,  rootrot  -jas  abundant  in  old  pea  fields,  occurring  more  frequently  than 
any  other  disease  and  often  in  very  heav^^  infestation.     In  spite  of  this,  however, 
losses  generally  \7ore  relatively  mild.     In  Maryland,  rootrot  and  Mycosphaerclla 
blight  frequently  occ^orred  together,  and  of  the  t\70  the  latter  ^ms  the  more  im- 
portant this  year,  as,  in  the  opinion  of  A.  D.  Radebaugh,  it  has  been  for  several 
years.     In  a  fevr  fields  rootrot  took  losses  of  50  per  cent  of  the  crop,  but  at 
the  other  extreme  some  infested  fields  were  scarcely  damaged  at  all.     In  Defeare , 
the  only  two  fields  examined  were  heavily  infested  with  rootrot,  but  the  injury 
was  slight.     In  Now  Jersey,  rootrot  was  abundant  and,  in  some  instances,  severe; 
but  the  -"orx  of  C.  M.  Haenseler  is  showing  that  with  proper  culture  and  fertili- 
zation the  losses  are  not  so  severe  as  to  make  the  crop  unprofitable. 

The  situation  in  western  Maryland  and  southern  Pennsylvania  was  distinctly 
different.    Rootrot  was  present  in  several  fields,  causing  losses  which  am.ountod 
to  as  much  as  20  per  cent  of  some  crops,  but  in  such  fields  the  Fusari^jm.  wilt  was 
almost  al-rays  mjjch  m.ore  destructive,  making  rootrot  relatively  minor  in  local  im- 
portance.    Serious  poa  failures  here  in  recent  years  appear  to  have  been  the  re- 
sult of  '.Tilt  rather  than  rootrot. 

In  New  York,  v.^here  observations  were  limited  to  two  plantings,  both  ^-^ere 
infested,  A  comjnercial  field  at  Geneva  was  almost  completely  destroyed  by  this 
disease,  and  a  garden  planting  at  Yonkers  was  distinctly  weakened. 

In  the  areas  visited  in  southern  Ohio,  northern  Indiana,  and  central  and 
northern  Illinois,  rootrot  was  found  ^-'idely  distributed  and  sometimes  important 
in  association  --'ith  other  diseases,  notably  Fusari^um  wilt.     Important  losses  from 
rootrot  ^"^ere  limited  to  fields  that  had  been  replanted  m.any  times  with  peas  and 
chiefly  to  fields  that  were  excessively-  vfot  -  too  wet  for  the  best  gro'-^th  of  peas 
an;^^ay . 

Rootrot  was  the  one  im-portant  disease  seen  in  Michigan  this  year,  and  it 
was  apparently  not  a  very  serious  factor.  Root  dro^:;ning  in  excessively  V7et  soil 
led  to  serious  loeses  in  the  absence  of  the  rootrot  fungus. 

In  "Wisconsin,  conditions  were  not  notably  changed  from,  those  observed  dur--- 
ing  recent  yeers ,  except  that  rootrot  was  distinctly  less  severe  in  north-central 
Wisconsin  under  the  influence  of  a  season  somewhat  drier  than  usual  during  the 
critical  period.     In  the  limited  area  of  south-central  ^/isconsin  that  was  examined 
this  year,  rootrot  was  seen  repeatedly  but  seldom  in  very  severe  development, 
Y/ilt  was  here  more  important  by  far  than  this  disease.     In  the  extreme  eastern 
part  of  the  State,  excessive  rainfall  comibined  ^-ith  naturally  wet  soil  types  to 
make  the  injury  from  rootrot  most  extrem.e . 

In  Minnesota,  rootrot  ^as  seen  in  five  of  the  ten  fields  examined,  but  in 
the  State  ns  a  whole  it  :"as  of  practica].ly  negligible  importance,  for  the  survey 
included  the  fields  and  localities  most  likely  to  be  infested.     The  one  field  that 
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vos  thoroughly  infested  hr.d  su^'fcrod  only  r/jdcrcto  injury  up  to  tho  time  it  t.v-s 
examined. 

In  the  past,rootrot  has  been  regarded  as  of  minor  importance  in  the 
Rocky  Ivlountain  States  generally.    This  present  survey  indicates  both  r.rootly  in- 
creased prevalence  and  greater  severity-'  than  heretofore  observed,  especir.lly  in 
Utah  and  Montana . 

In  Utah  in  1928,  rootrot  ?7as  distinctly  more  abundant  than  recorded  by 
the  Y.Titer  for  1927*  infesting  many  fields  thoroughly  and  causing  injury  which 
varied  from  that  so  sli,ght  as  to  be  negligible  up  to  the  utter  destruction  of  the 
crop;  losses  of  20  to  40  P^^  cent  vrere  freruent  in  these  fields.     In  the  Weber  end 
Ogden  valley's,  every  field  examined  v/as  infested.     This  marks  a  pronounced  increase 
since  I92I  and  I923,  when  Fred  R.  Jones  found  the  rootrot  parasite  here  in  small 
amounts  only.    The  Cache  Valley  still  appears  entirely  free  from  this  disease, 
though  there  is  no  reason  to  think  it  will  long  remain  so. 

In  Idf.-ho,  rootrot  was  important  in  very  few  fields.    Although  it  is  scat- 
tered sparingly  over  practicolly  the  entire  upper  Snake  River  Valle:-  ^-herever  peas 
have  been  gro^rrn  many  years,  only    very  few  fields  are  infested  and  no  loccjity 
shows  any  throat  of  severe  infestations.     In  only  a  single  field  did  the  loss 
amount  to  25  per  cent  of  the  crop,  and  this  was  a  field  that  had  been  notoriously 
overcropped  with"  peas.    As  in  Utah,  rootrot  has  been  lino^^m  here  since  ).^21 ,  but 
unlike  in  that  State  there  has  been  no  notable  increase.    T'lis  year  only  I9  fields 
were  seen  to  contain  even  a  trace,  and  visible  injury  was  limited  to  ^-^ct  fields 
and  wet  parts  of  fields,  v.-hich  are  not  common  in  this  part  of  Idaho.  Cropping 
practices  ••■  .ich  would  be  suicidal  in  other  parts  of  the  country  arc  often  follo-:^cd 
here  "^ithout  trouble  from  rootrot. 

Montana  presented  a  set  of  conditions  m.oro  like  those  described  for  '^tah* 
Of  the  57  fields  examined  in  this  State,  30  fields  or  52.7  rcr  cent  -"or-  infested, 
and  of  these  infested  fields,  80  per  cent  ^cre  diseased  throughout  ;t  least  half 
of  their  area.     These  disecsed  fields  -'ere  scattered  thjrough  all  the  >;iistricts 
included  in  this  survey,  including  the  Q-allatin  Valley,  the  rj.Ti.diGo  Valley,  and 
the  districts  around  Reel  Lodge  ...nd  Bridvger.     In  each  of  these  :.re.\3,  fields  were 
observed  in  -"hich  the  crop  wae  almost  -."holly  destro:rod ,  and,  -'hile  the  severity 
of  injury  was  hi'ihly  varied  from  field  to  field,  it  was  clear  that  this  cise:.so 
is  notablj'    TOducing  the  avera~,e  yield  per  acre  in  this  State.     Since  earlier  sur- 
ve3?-s  in  Montana  in  192I  and  I923,  the  amount  of  this  disease  has  increased  great- 
ly, until  now  it  appears  that  cropping  practices  must  be  revised  if  pea  culture 
is  to  continue  without  the  handicc-p  of  an  annual  toll  levied  by  rootrot. 

Considering  as  a  unit  the  entire  area  covered  by  the  survey,  rootrot  -as 
distinctly  the  most  destructive  disease  affecting  the  pea  crop  in  I528.     Its  lo- 
cal importance  frequently  escapes  the  attention  of  pea  growers  and  even  field 
supervisors  of  canning  and  seed  com.panies.     In  the  irrigated  districts,  for  ex- 
ample, it  is  the  common  thing  to  attribute  the  injury  done  by  rootrot  to  excessive 
irrigation  or  to  the  crowding  of  weeds.     Evidence  gathered  d'Jirin'^  this  survey 
indicates  that  the  rootrot  funwus  is  still  spreading  and  suggests  that  it  m.cy  con- 
tinue to  spread  until  those  areas  in  ".'hich  environmental  conditions  cind  cropping 
practices  favor  its  development  become  thoroughly  infested.     On  the  other  hand, 
it  appears  that  certain  areas,  such  as  p  rts  of  south-central  "'isconsin,  ::re  no": 
;orctty  thoroughly  infested  but  still  are  not  subject  to  sev-re  losses  from  root- 


rot  except  in  very  wet  years.     There  is  pressiri;^  need  for  an  analysis  of  the 
factors  which  lead  to  the  notable  variations  in  severity  of  injury  from  rootrot 
even  in  the  presence  of  thorough  decortication  of  the  roots,  with  the  hope  that 
some  means  may  be  devised  for  the  avoidance  of  the  more  severe  types  of  injury. 

DOWM  IVIIID3V/  (Pe::ronospQra  viciae )  .     This  is  one  of  the  most  v/ide spread 
and  least  important  diseases  of  the  pea.    During  1^2.3  it  was  seen  in  all  States 
surveyed  except  Indiana,  Illinois,  and  'Yyoming,  and  in  22,1  per  cent  of  all  fields 
examined.     In  nearly  all  of  these  fields  it  occurred  in  mere  traces,  and  the  maxi- 
mum injury  noted  v/as  only  2  per  cent.     In  most  of  the  infested  fields  this  disease 
occurred  only  in  the  form  of  rectangular  conidial  patches  on  the  leaf  laminae, 
varied  by  the  occasional  occurrence  of  yellowish-v;hite ,  porcelaneous ,  slightly 
swollen  areas  on  leaves,  stems,  and  pods,  #iere  the  oospores  of  the  fungus  are 
develoj)ed.    A  further  variation  is  the  development  of  an  apparently.'  systemic  in- 
fection, but  this  was  seen  less  frequently  this  year  than  formerly  in  Utah  and 
Vifisconsin.     One  of  the  most  interesting  consequences  of  this  disease  is  the  fa- 
cility with  which  other  organisms  enter  dovmy  mildew  patches- as  secondarj?-  para- 
sites, leading  to  early  necrosis  of  the  infected  tissue,  v/hich  ordinarily  does 
not  folloYf  the  invasion  of  Peronospora  alone.    The  secondary  invaders  observed 
during  the  surveys  are:  Ascochyta  pisi  ,  A.  pinodella  ,  Bacterium  pisi  sp.  ,  and 
Cladosporium  sp.    For  the  present,  at  least,  there  is  no  reason  Yihy  this  mildew 
should  be  of  concern  to  either  seedsman  or  canner. 

BLACK  ROT  (Thielavia  basicolaf.    A  few  plants  affected  with  a  black 
rootrot  collected  in  a  field  at  Rexburg,  Idaho,  proved  upon  microscopic  examina- 
tion, to  bear  chlamydospores  of  Thielavia  in  groat  numbers  upon  the  blackened 
surfaces.    Although  the  writer  examined  many  other  root  collections  from  this 
same  locality,  no  other  spores  of  this  fungus  were  encountered.     This  fungias  has 
been  reported  on  peas  several  times  without  adequate  evidence  that  it  is  ever 
aggressively  pathogenic,  but  this  is  the  first  time  the  ^rrriter  has  observed  it, 

POWDERY  MILDEW  ( Erysiphe  polygoni).     Tjiis  disease  was  observed  in  traces 
only  in  a  total  of  five  fields  i n  ?'Iaryland ,  Illinois,  and  Hi nno seta.     Its  knovm 
range  is  much  wider  than  this. 

IvIYGOSP?L/lERET,M  BLIGHT  ( ivycosphaerella  pinodes).    During  these  present 
studies  this  blight,  which  formerly  was  confused  with  the  disease  caused  by  Asco- 
chyta pisi,  was  found  in  8  of  the  I5  States  visited,  as  listed  in  the  general 
tabulati^  of  survey  findings.  Table  1.     Those  States  do  not  represent  the  total 
known    range  of  the  fungus  in  this  country.    As  with  other  seedborne  diseases,  this 
blight  is  probably  very  widespread,  but  in  recent  years  generally  it  has  not  been 
conspicuously  important  except  in  a  few  localities.    L.  K.  Jones  reported  severe 
outbreaks  in  New  York  State  in  1926,  unec^uallcd  there  since  that  year. 

In  1928  the  only  destructive  local  outbrorks  were  found  in  eastern  Maryland 
and  vicinity.    Here  it  was  the  most  destructive  disease  present,  causing  losses 
estimated  to  be  as  great  as  35  per  cent  in  some  fields.     In  the  opinion  of  A.  D. 
radebaugh  this  has  been  the  most  important  disease  footer  in  this  area  for  several 
years,   'in  other  parts  of  the  country  Mycosphaerella  blight  was  both  rare  and  mild 
The  only  other  noteworthy  occurrence  was  in  Montana,  where  it  was  not  expected 
at  all  and  where  three  fields  were  lightly  infested. 

Although  the  seedborne  nature  of  this  disease  hcs  been  clearly  established 
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and  Tras  supported  by  additional  observations  during  this  survey,  still  it  is  ob- 
vious that  the  planting  of  infected  seed  was  not  the  most  important  irnr:.ediate 
factor  this  year  inducing  the  destructive  develop^.ient  of  this  blight.    T:?.e  seed 
used  in  the  badly  hli.^hted  fields  of  eastern  Maryland  and  vicinity  ccme  r.lmost 
exclusively  from  Idc'ho  and  Montana,  where  this  disease  is  very  rare.    On  ciie  other 
hand,  the  severe  outbreaks  occLirred  c-:lmost  exclusively  Tvhere  ne?s  had  been  grown 
repeatedly  on  the  same  field  or  on  adjoining  fields.     It  seems  clear  thet  the  neg- 
lect of  crop  rotation  and  reasonable  farm  sanitation  are  more  important  in  the  de- 
velopment of  severe  outbreaks  of  t]iis  disease  than  the  simple  use  of  infested  seed. 
Infested  seed  m.ay  introduce  the  fungus,  but  faulty  cropping  pr.ctices  coupled  with 
favorable  weather  "'ill  give  it  an  opportunity  to  increase  to  the  point  of  becom- 
ing destructive. 

3LAGK-LPI^;F    (Fusicladium  pisicola).    Black-leaf  was  observed  in  traces 
only  in  a  total  oT  11  fields  in  Utah,  Idaho,  and  Montana.     This  is  the  first  time 
it  has  been  found  in  Montana.    Areas  in  Idalio  and  Utah  vvhere  it  has  been  seen  in 
past  years  v/ere  practically  or  com.pletcly  free  from  it. 

ANTHRA.CNOSE  ( Collctotrichum  pisi).  Anthracnose  was  found  only  within 
its  form.erly  knovm  range  in  Wisconsin,  and  was  not  seen  to  cause  any  important 
injury. 

ASCOCHYTA  Llili^?  AlTD  POP  SPOT  (Ascochyta  pisi) .     This  disease,  until  recent- 
ly confused  with  the  : lycosphaerella  blight,  was  of  very  minor  importance  in  the 
area  survoj-ed  during  1928.     It  was  seen  in  only  I4  fields,  and  was  abundant  in  only 
two  fields  of  a  seed-trade  variety  in  the  Paradise  Valley  of  Montana.     In  several 
fields  this  disease  occurred  chiefly  or  exclusively  in  association  with  downy  mil- 
dew. 

ASOOCKYTA  PlilODSIiA  BLI(2iT  (Ascocxhyta  pinodella)  .    This  blight  is  closely 
similar  to  that  caused  by  My c  o  sp  ha  ere 11a  pinodes  but  is  loss  destructive;  in  fact, 
it  appears  to  be  alxiost  negligible .""   It  was~so"en  during  I928  in  only  six  States, 
although  formerly  observed  also  in  Utah  by  the  writer.    Apparently  the  parasite  is 
not  an  aggressive  invader  of  the  healthy  pea  foliage ,  for  in  several  fields  the 
only  points  of  infection  seemed  to  be  within  do^.my  mildew  patches  from,  -"hich  the 
blight  lesion  then  extended  into  healthy  tissue.    The  chief  interest  in  this  dis- 
ease lies  in  the  fact  thrt  the  parasitic  fungus  is  one  of  the  most  widespread  caus- 
es of  footrot,  and  thr:t  the  pod  infection  sometimes  associated  with  this  blight 
is  a  factor  in  the  ceodborne  aspect  of  the  footrot  disease. 

LEAF-3L0TCK  ( Scptoria  pisi ) .  Lor  f-blotch  wr.s  relatively  minor  in  most  of 
the  States  s-.irvoyod  in  1^25,  but  d*oveloped  so  abund-^ntly  in  Montana  that  in  the 
country  as  a  -"hole  it  was  the  third  most  frequently  observed  disease  of  aerial 
perts.    Of  the  5I  fields  which  wore  scon  to  contain  tiiis  disoa.so,  over  half  were  in 
Montana,  whore  47 "4  -"^^r  cent  of  all  examined  fields  were  infested.     In  t/io  country 
as  a  whole,  both  do'-^iy  m.ildew  and  bacterial  blight  -were  soon  in  more  fields,  but 
neither  was  as  im.portc..nt  v.s  this  blotch.     Tliroughout  most  of  its  range  only  traces 
of  blotch  were  found;  in  A^isconsin,  however,  several  fields  were  damaged  very  badly, 
and  in  ?.'Iont/.na  im^portant  injury  was  seen  in  m.any  fields.    The  actual  injury  could 
not  be  estimated  because  in  every  case  of  severe  loaf-blotch  other  diseases,  such 
as  rootrot  and  wilt,  occurred  with  it  in  destructive  infestation,  but  the  condi- 
tion of  almost  com.pletc  defoliation  before  the  seed  crop  '^^as  mature  was  observed 
repeatedly.    Whether  this  disease  is  favored  by  a  weaken^ condition  of  the  plant  or 
whether  its  frecuont  occurrence  vrith  other  diseases  results  simply  from  the  fact 
that  all  are  more  frecucnt  vvhere  peas  have  been  gro--n  too  intensively  remains  to 
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be determined, 

FJSA?JU!.l 'TILT  (Fusarium  ortjioceras  var.  pisi).     Fusarium  vrilt,  a  disease 
that  h':s  been  under  observation  onl^r  since  1924j  "-iien  it  v/as  first  differentiated 
from  the  pee  failure  complex  in  Wisconsin,  is  nov.^,  next  to  rootrot,  the  most  de- 
structive disease  of  peas  in  this  country  and,  from  the  standpoint  of  its  potent- 
ial importance  to  the  pea  industry,  it  is  at  least  equal  to  rootrot.    Previous  to 
this  survey  wilt  h'.,d  been  reported  only  from  "/isconsin,  Michigan,  and  Indiana, 
but  now  it  is  kno'.vn  to  occur  in  nine  States,  including, in  addition  to  the  three 
mentioned,  Maryland,  Pennsylvania,  Ohio,  Illinois,  Idaho,  and  Montana.  Unconfirmed 
reports  suggest  that  it  occurs  also  in  California. 

Sixty-seven  fields,  or  20.3  P^^  cent  of  all  fields  examined,  contained 
wilt.    Two  diseases  were  found  more  frequently:  Rootrot  and  downy  mildew;  and  foot- 
rot  was  found  almost  as  often.    But  losses  from  v/ilt  are  much  greater  in  proportion 
to  the  number  of  fields  infested  than  in  the  case  of  these  other  diseases,  for  wilt 
infestations  are  freq'aently  heav^^,  and  in  the  infested  fields  or  parts  of  fields 
the  crop  is  usually  a  total  loss. 

In  the  survey  of  I528,  wilt  was  not  found  in  New  Jersey,  Delaware,  and 
Eastern  Maryland.     In  western  Maryle.nd  and  southern  Pennsylvania,  however,  it  was 
the  one  outstandingly  important  disease.     In  the  survey  of  this  area  wilt  was 
found  in  11  fields,  causing  losses  of  over  50  per  cent  in  several  fields  and  as 
much  as  80  per  cent  in  one  large  planting.     In  the  opinion  of  A.  L.  Radebaugh  and 
certain  canners,  this  is  the  one  disease  that  has  caused  trouble  here  for  several 
years. 

While  no  wilt  was  seen  in  New  York  State,  observations  were  too  limited 
to  indicate  its  absence.    L.  K.  Jones,  who  has  followed  pea-disease  develoixaents 
for  several  years,  has  reported  none  of  it. 

In  southern  Ohio,  northern  Indiana,  and  central  and  northern  Illinois, 
rootrot  and  wilt  v/ere  both  found  in  1928,  but  wilt  appeared  to  constitute  the 
major  pea-disease  problem.    ?/ilt  caused  heavj-^  losses  in  some  areas  in  each  of 
these  States  and  apparently  has  been  doing  so  to  an  increasing  extent  for  some 
3'3ars.    In  areas  of  northern  Illinois  whore  a  few  years  ago  there  was  no  important 
disease  problem,  wilt  is  now  causing  heavy  losses.     In  one  district  where  the 
Y/ritcr  saw  several  fields  that  v;ere  almost  totally  ruined,  it  v/as  reported  that 
200  acres  were  severely  damaged  by  this  disease.     In  Michigan,  although  wilt  is 
known  to  occur  on  the  Northern  Peninsula,  none  was  found  in  the  areas  surveyed 
this  year. 

As  has  already  been  pointed  out,  wilt  in  Wisconsin  in  I928  showed  a  dis- 
tinctly increased  prevalence  over  the  conditions  observed  in  I924  snd  1^2^,  No 
attempt  was  made  to  cover  new  territory  in  this  State;  attention  was  concentrated 
in  localities  with  which  the  v.riter  was  familiar  from  earlier  field  studies.  A 
trace  of  wilt  was  found  in  I928  in  one  area  in  north-central  Wisconsin  where  none 
was  formerly  present,  and  in  the  more  southern  districts  where  v/ilt  was  knov/n 
earlier  it  was  found  in  greater  abundance  than  formerly.     It  is  of  special  signifi- 
cance that  in  these  districts  certain  fields  that  had  contained  small  amounts  of 
the  disease  in  I324  or  IQ25  v/ere  this  year  thoroughly  infested,  even  though  no 
peas  had  been  grown  there  during  the  interval  of  years.     In  no  case  did  crop  ro- 
tation appear  to  be  of  any  assistance  after  the  wilt  fungus  was  once  established 
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in  the  field. 

None  of  this  r;ilt  discaso  could  "be  found  in  oithor  Tlinncsota  or  Utah. 

One  of  the  most  significant  and  v^crplexing  results  of  the  survey  \i3S  the 
finding  of  T:ilt  in  both  Idaho  and  Montane,  the  States  vjhich  supply  the  bulk  of 
the  seed  used  in  the  pea-CLmning  industry.    VJilt  was  not  knovqi  formerly  to  occur 
in  any  of  the  Rockj-^  Mountain  States.     In  the  upper  Snake  River  Valley  of  Idaho 
it  Y:as  seen  in  t^70  localities.    In  one  it  vras  found  on  t-vo  nearby  farns;  in  the 
other  it  -vas  abundantly  distributed  over  numerous  farms,  causin:^;  the  complete  de- 
struction of  the  crop  in  one  large  field  and  the  loss  of  parts  of  several  other 
crops.     In  Montana,  'Tilt  v.^as  seen  in  t"o  "Idely  separated  localities  in  the  Galla- 
tin Valley:  a  mere  tr?ce  in  one,  and  tvjo  infested  farms  in  the  other.    At  present 
the  losses  from  -^rilt  in  these  t'vo  States  are  not  startling,  and  yet  the  severity 
of  injury  in  infested  fields  is  the  same  as  in  '.'Tisconsin  and  else-\"herc:  suscepti- 
ble varieties  are  eliminated  completely.     It  is  clear,  therefore,  that  nothing 
in  soil  or  climate  stands  in  the  rray  of  very  destructive  development  of  this  dis- 
ease.   Opportunities  for  the  dissemination  of  the  \vilt  fun.g^js  seem  rather  unusual 
here,  arising  from  the  practice  of  irrigation  and  from,  the  use  of  pea-vine  straw 
as  feed  and  bedding  for  livestock. 

There  is  no  expcrim.ental  evidence  to  indicate  that  the  "ilt  fungus  is 
ever  carried  Tith  pea  seed,  but  this  question  has  not  3^et  been  adecuatcly  studied. 
Nevertheless,  the  establishment  of  so  destructive  a  disease  in  the  heart  of  two 
me3jor  seed-pea  areas  is  of  direct  concern  to  both  seedsmen  and  canners,  and  serves 
to  smpli^isize  the  need  for  speedy  perfection  of  suitable  wilt-resistant  varieties 
of  peas. 

FOOI^ROT  (Ascochyta  pinodella,  Fusariigm  mertii  var.  pi  si  ,  and  other  fungi). 
Several  fungi,  of  which*  the  t^'o  named  here  predominate  in  this  country,  produce 
disease  s^Tnptom^s  that  can  not  be  differentiated  in  field  examination,  and  there- 
fore they  are  considered  together  here.    Under  thio  name  of  footrot  are  grouped 
those  cortical  rot  diseases  in  "'hich  the  inj^ury  is  more  or  less  localized,  begin- 
ning as  a  dark  brown  decay  in  the  region  of  the  old  seed  and  spreading  upward 
onto  the  base  of  the  stem  belo'^  ground  and  do-Tnv.'ard  over  the  hypocotyl  a  short 
distance  onto  the  roots.     The  Ascochyta  pinodella  disease,  at  least,  is  seedborne 
to  some  extent. 

Footrot  is  frequently  associated  -'ith  and  confused  with  wilt  and  rootrot, 
but  it  is  much  less  important  than  they  are.    During  I928  it  was  seen  in 
fields, or  20  per  cent  of  all  fields  examined,  occuring  in  traces  in  most  of  these 
but  in  hea^/3"  infestations  in  a  few.    Footrot  may  be  exijected  alm.ost  everyvrhore 
that  peas  have  been  gro-.-^  for  a  period  of  years,  althou.gh  it  may  not  be  recog- 
nizable if  associated  ^ith  rootrot.     In  general  its  importance  is  ver^'  minor, 
but  in  one  field  in  Idaho  a  very  severe  footrot,  caused  apparently  by  a  species 
of  FiasariijTfl,  had  caused  a  60  per  cent  loss  of  stand  and  a  notable  weakening  of 
the  surviving  plants. 

STETv!  CANKER  ( Rhizoc tenia )  .     This  disease  was  found  widely  distributed 
but  no7/hore  very  abundant.     It  --as  recorded  in  seven  States  from  New  Jersey  to 
Montana  in  4.8  per  cent  of  all  fields  examined.     In  only  a  few  of  these  did  it 
cause  any  apparent  independent  injury.     In  making  microscopic  examinations  of 
roots  affected  with  various  diseases,  mycelium  of  Rhizoctonia  is  frequently 
observed.     Its  significance  when  associated  with  Aphanomyces  and  ^-ith  the  •foot- 
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rot  f^jngi  is  not  understood, 

HOOT:\IIOT  (Heterodera  radicicola).  This  nematode  injury  "vvas  observed  in 
a  single  field  near  Idaho  Falls,  Idaho  ,* -here  it  occurred  in  a  snail  area  v/ithin 
an  old  potato  field.    Affected  plants  Yrere  stunted  and  yellow, 

INTUivSSCSrTGES  (Yfater  relations).     This  curious  condition,  described  by 
Sorauer,  '.7as  seen  on  a  few  plants  in  a  single  field  of  Alaska  peas  in  each  of 
New  Jersey,  ^M.sconsin,  and  Montana.     On  affected  plants  all  the  pods  usually  de- 
velop succulent,  prong-like  outgrowths  of  variable  foni  and  size.    Other  parts 
of  the  plant  are  sone tines  affected  similarly. 

MOSAIC  {Cause  undetermined).    Mosaic  of  the  pea  hv- s  been  known  for  some 
years  but  h?.s  not  been  iraportant  in  coLnnercial  plantings.     In  1920  it  was  widely 
distributed;   it  wsis  seen  in  /\!o  fields,  13«3  P^^  cent  of  all  examined ,  in  nine 
States  from  the  Atlantic  Coast  west  to  "tah  end  Montana.    Both  in  abundance  and 
severity  it  reached  its  naximmn  in  l';'aryland  and  New  Jersey.    From  there  v,-est  to 
the  Rocky  Mountains  it  "was  very  rare;  and  then  in  Utah  end  Montana  it  was  mod- 
erately abun'J.ant.    I^xcept  in  a  few  eastern  fields,  however,  where  infestations 
sometimes  exceeded  5  P-i"  cent  and  ^-here  diseased  plents  showed  diminished  yields 
of  deformed  pods,  the  occurrence  of  this  disease  was  of  no  economic  importance 
in  1928. 

One  special  case  of  unusual  mosaic  s^wnptoms  that  merits  mention  was  ob- 
served in  Nop:  Jersey.     In  a  single  field  there  v-as  found  an  area  about  one  rod 
in  diameter  in  which  a  large  percentage  of  the  plants  showed  a  brilliant  yellow 
and  greev:  calico  m.ottlinc:  of  z  tyjo  quite  different  from  the  usual  mosaic  mott- 
ling on  peas.     This  calico  effect  -'as  noted  even  on  the  pods  whic^i  showed  less 
striking  color  contr-.^sts  but  v:hich  wore-  conspicuously  discolored  and  deform.cd. 
Sven  the  peas  --^ithin  these  pods  were  yello'"  or  mottled  yellow  and  .oreen.  This 
trouble  ^-^as  of  such  a  yparont  severity  as  to  be  cause  for  concern  if  it  should 
reappear  and  spread  in  subsecuent  years. 

STRSASJ  (Cause  undetermined).     Tliis  little  knoan  disease,  which  bears  a 
marked  resemblance  to  certain  virus  diseases  of  other  plants,  was  found  through- 
out essentially  the  some  range  as  pea  mosaic.     It  occurred  in  somewhat  fevfor 
fields,  but  in  infested  fields  the  am^ount  of  streak  averaged  greater  than  of  mo- 
saic.    Streak  is  characterized  by  necrosis  of  pods  and  of  the  phloem  in  stems 
and  leaves,  and,  occasionally,  necrosis  of  the  entire  upper  portion  of  the  plant. 
No  micro-organism.s  have  been  found  associated  ■•'ith  this  condition. 


DISCUSSION  .'m  S^Tl'I/iPY 

For  th:.  Gonveniance  of  the  reader,  the  follo'aing  recapitulation  presents 
the  major  discose  piroblcms ,  as  observed  in  I928,  by  States  or  larger  geographic 
units; 

In  east;rn  Maryland  and  vicinity,  Aphanomyccs  rootrot  and  Mycosphacrclla 
blia.ht  are  t'le  t-o  outsta.nding  diseases  anc^  frcc.ucntly  occur  together.     In  some 
localities  rootrot  occurs  alon'..  ;  and  in  some  the  Mycosphaerclla  blight  is  the 
most  destructive  disease.     Footrot  v,~as  abundant  in  a  few  fields,  and  mosaic  and 
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stror.l-:  ^^crc  more  provalcnt  here  than  any^'hore  else  in  the  States  surveyed. 

In  '-'estcrn  Mr.rylan-i  r>nd  oouthcrn  Po nnsylv^ini a ,  Fusci-iuin  '.vilt  -^as  the  one 
scriouely  destructive  disease,    rtootrot  v:as  distinctly  l:;r.s  abundant'/^i^hor  east, 
and  Mycosphcerellc  "blight  vas  rdmost  absent. 

In  2outhorn  Ohio,  northern  Indian;-,  and  contrail  and  northern  Illinois, 
roe  trot  and  rilt  occurred  together,  but  rilt  a;\^ears  to  h:;vo  been  the  major  dis- 
ease problen  "Tor  come  yerira.     Rootrot  ar^-cirs  to  be  limited  to  fields  v/etter  than 
average  and  to  bo  generollj^  of  minor  importance.     Of  the  minor  diseases  sometimes 
found,  footrot  v;as  especially  abundant  in  one  locality  in  Indiana,  and  bacterial 
blight  '7a s  seriously  destructive  in  a  large  field  in  Illinois. 

In  Ilichi^-ian  and  parts  of  -Visconsin,  rootrot  is  the  most  destructive  dis- 
ease of  the  pea.     In  other  parts  of  Wisconsin,  Fusariiun  wilt  is  unrivalftd  by  other 
diseases.     In  some  areas  ^ilt  has  increased  notably  in  its  prevalence  since  I924 
and  1925.    Many  other  diseases  occurred  in  Wisconsin  this  year  as  formerly,  but 
most  of  them  ^.-'ere  of  no  s^eat  economic  importance  although  a  fev.^  became  destruct- 
ive locally. 

In  L^innesota,  very  little  disease  v^as  found.    Rootrot  "-as  seen  several 
times,  but  the  injury  apparent  at  the  time  of  the  survey  v;as  slight.  Footrot 
and  some  other  diseases  "ere  noted,  but  no  '.-riit  v:as  seen. 

Rootrot  uas  distinctl3'  more  abundant  in  Utah  than  reported  by  the  ^rriter 
to  have  been  in  I927.     In  some  localities  practically  every  field  was  infested, 
but  the  severity  of  injury  v/as  highly  varied.    No  '.vilt  vras  detected,  and  diseases 
of  aerial  parts  \7ere  relatively  rare  ,  \^ith  the  exceptions  of  the  unimportant  dovjny 
mildoT,-,  mosaic,  and  streak. 

Tlie  States  of  Idaho  and  Montana  arc  of  special  interest  because  of  their 
being  centers  of  pea  seed  production.    As  might  fairly  be  expected,  these  States 
arc  no  longer  free  from  disease.     Tho3"  were,  in  fact,  among  the  three  States 
Thich  displayed  the  greatest  numbers  of  different  diseases.    Most  of  these  dis- 
eases, ho^-^ever,  -ere  ;nroGent  in  relatively  small  amounts,  ,7nd  some  of  them  in  mere 
traces.     Of  the  major  diseases,  rootrot  "^as  the  moat  ^-^evrlent,  especially  in 
^■ontana,  --'hcTO  it  caused  hea.V3^  losses  in  som.e  fields.     In  the  larger  portion  of 
the  seed  area,  ho"^ever ,  it  is  rare  or  'bsent.     Fusariujn  v'ilt  tias  found  to  be  es- 
tablished in  both  States  c.nd  constitutes  a  problem  th-:.t  m.ust  bo  given  attention 
to  insijire  the  perm.anenco  of  profitable  pea  prodi.ic tion.     Of  the  several  diseases 
which  are  known  to  be  carried  on  the  seed,  only  bacterial  blight  occurred  frecucnt- 
ly.     In  liontana ,  the  leaf-blotch  disc,  so  reached  its  maximum  destruc tiveness ,  and 
constitutes  a  problem  that  needs  local  study.    Mosaic,  streak,  footrot  and  other 
minor  diseases  "'ore  recorded  frecucntly. 

To  summarise  the  outstanding  points  of  this  field  stud^fj  rootrot  and 
Fusarium  wilt  were  found  to  be  the  two  most  important  diseases  of  the  pea  through- 
out the  area  studied,  although  rmny  other  diseases  ocurred  occasionally  and  some- 
times became  troublosom^e  locally.    Rootrot  h&s  been  knoTm  to  occur  widely  for 
some  years,  and  the  present  findings  indicate  that  v.^hile  certain  areas  are  now 
free,  it  is  still  spreading,  and  that  in  certain  areas  where  it  occurred  in  smxall 
amounts  only  a  few  years  ago  it  has  increased  markedly  in  prevalence  and  severity. 
On  the  other  hand,  in  some  areas  '.vhere  it  has  long  been  kno-n,  rootrot  has  not 
become  an  important  factor. 
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F^asari^jun  wilt,  waich  forracrly  wcg  reported  only  fron  i^/i  scons  in ,  I.Iichi- 
gnn,  nnd  Indiana,  hrs  no?^  been  found  widely  distributed.     Tlirourhout  much  of  its 

rrngo  it  occurs  ^pcrinv^y  :;nd  ::--^V2-:t3  to  be  of  recent  introduction,  but  v-herevor 
it  lies  been  found  it  Siio---^e  its  nornelly  ■ri.-'eet  severity.     In  central  v.'isconsin, 
^tiere  ^ilt  bes  been  >nown  lon.'rest,  it  lies  eho-'n  o  rierked  increese  in  prevalence 
during  tbe  five  yo':rs  since  it  ^-'j^s  first  discovered.     It  is  clear  tnr^t  -Tilt  nas 
not  yet  ottained  its  ultimate  f;eo.;iraphic  range.     Its  potential  importance  is 
such  that  Tvilt,  more  than  any  other  d-isease  of  pecs,  demands  immediate  attention 
loolcina  towards  the  perfection  of  disease-resistant  varieties  and  the  devising 
of  supplementary  me:ns  to  avoid,  losses. 


